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(54) Methods and systems for cooling gas turbine engine igniter tubes 



(57) A combustor for a gas turbine engine includes 
a plurality of igniter tubes (64) that facilitate reducing 
temperature gradients within the combustor in a cost ef- 
fective and reliable manner. The combustor includes an 
annular outer liner (40) that includes a plurality of open- 
ings (66) sized to receive igniter tubes. Each igniter tube 



maintains an alignment of each igniter received therein, 
and includes an air impingement device (120) that ex- 
tends radially outward from the igniter tube. During op- 
eration, airflow (1 90) contacting the air impingement de- 
vice is channeled radially inward (192) by a scoop por- 
tion (122) for impingement cooling of the igniter tubes 
and the combustor outer liner. 



190-. v 



• 28- 




110 



120 



~13C 



I \ U6 / 14-2 y H 
"06 



^125 <52— ^ 

y / ixp, ^192 



^88 





^40 



180 



FIG. 3 



-82 



1258682A2_I_> 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 1 258 682 A2 



2 



Description 

[0001] This invention relates generally to gas turbine 
engines, and more specifically to igniter tubes used with 
gas turbine engine combustors. 

[0002] Combustors are used to ignite fuel and air mix- 
tures in gas turbine engines. Known combustors include 
at least one dome attached to a combustor liner that de- 
fines a combustion zone. More specifically, the combus- 
tor liner includes an inner and an outer liner that extend 
from the dome to a turbine nozzle. The liner is spaced 
radially inwardly from a combustor casing such that an 
inner and an outer passageway are defined between the 
respective inner and outer liner and the combustor cas- 
ing. 

[0003] Fuel igniters extend through igniter tubes at- 
tached to the combustor outer liner. More specifically, 
the fuel igniter tubes extend through the outer passage- 
way and maintain the igniters in alignment relative to the 
combustion chamber. 

[0004] During operation, high pressure airflow is dis- 
charged from the compressor into the combustor where 
the airflow is mixed with fuel and ignited with the igniters. 
A portion of the airflow entering the combustor is chan- 
neled through the combustor outer passageway for 
cooling the outer liner, the igniters, and diluting a main 
combustion zone within the combustion chamber. Be- 
cause the igniters are bluff bodies, the airflow may sep- 
arate and wakes may develop downstream from each 
igniter. As a result of the wakes, a downstream side of 
the igniters and igniter tubes is not as effectively cooled 
as an upstream side of the igniters and igniter tubes 
which is cooled with airflow that has not separated. Fur- 
thermore, as a result of the wakes, circumferential tem- 
perature gradients may develop in the igniter tubes. 
Over time, continued operation with the temperature 
gradients may induce potentially damaging thermal 
stresses into the combustor that exceed an ultimate 
strength of materials used in fabricating the igniter 
tubes. As a result, thermally induced transient and 
steady state stresses may cause low cycle fatigue (LCF) 
failure of the igniter tubes. 

[0005] Because igniter tube replacement is a costly 
and time-consuming process, at least some known 
combustors increase a gap between the igniters and the - 
igniter tubes to facilitate reducing thermal circumferen- 
tial stresses induced within the igniter tubes. As a result 
of the gap, leakage passes from the passageways to 
the combustion chamber to provide a cooling effect for 
the igniter tubes adjacent the combustor liner. However, £ 
because such air is used in the combustion process] 
such gaps provide only intermittent cooling, and the ig- 
niter tubes may still require replacement. 
[0006] In an exemplary embodiment of the present in- 
vention, a combustor for a gas turbine engine includes 5 
a plurality of igniter tubes that facilitate reducing wake 
temperatures and temperature gradients within the 
combustor in a cost effective and reliable manner. The 



combustor includes an annular outer liner that includes 
a plurality of openings sized to receive igniter tubes. 
Each igniter tube maintains an alignment of each igniter 
received therein, and includes an air impingement de- 

5 vice that extends radially outward from the igniter tube. 
[0007] During operation, airflow contacting the air im- 
pingement device is channeled radially inward towards 
an aft end of the igniter tubes and towards the combus- 
tor outer liner. More specifically, the airflow is directed 

o circumferentially around the igniter tubes for impinge- 
ment cooling the igniter tube and the surrounding com- 
bustor outer liner. The impingement cooling facilitates 
reducing overall wake temperatures and circumferential 
temperature gradients in the igniter tubes and the com- 

5 bustor outer liner. As a result, lower thermal stresses 
and therefore improved low cycle fatigue life of the ig- 
niter tubes are facilitated in a cost-effective and reliable 
manner. 

[0008] An embodiment of the invention will now be de- 
> scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figure 1 is a schematic illustration of a gas turbine 
engine including a combustor: 

Figure 2 is a cross-sectional view of a combustor 
that may be used with the gas turbine engine shown 
in Figure 1 ; 

Figure 3 is an enlarged cross -sectional view of a 
portion of the combustor shown in Figure 2; and 

Figure 4 is a plan view of the portion of the combus- 
tor shown in Figure 3. 

[0009] Figure 1 is a schematic illustration of a gas tur- 
bine engine 1 0 including a fan assembly 1 2, a high pres- 
sure compressor 14, and a combustor 16. Engine 10 
also includes a high pressure turbine 1 8, a low pressure 
turbine 20, and a booster 22. Fan assembly 12 includes 
an array of fan blades 24 extending radially outward 
from a rotor disc 26. Engine 10 has an intake side 28 
and an exhaust side 30. In one embodiment, gas turbine 
engine 1 0 is a G E90 engine commercially available from 
General Electric Company, Cincinnati, Ohio. 
[0010] In operation, air flows through fan assembly 12 
and compressed air is supplied to high pressure com- 
pressor 14. The highly compressed air is delivered to 
combustor 16. Airflow from combustor 16 drives tur- 
bines 1 8 and 20, and turbine 20 drives fan assembly 1 2. 
[001 1 ] Figure 2 is a cross -sectional view of combustor 
16 used in gas turbine engine 10. Combustor 16 in- 
cludes an annular outer liner 40, an annular inner liner 
42, and a domed end (not shown) that extends between 
outer and inner liners 40 and 42, respectively. Outer liner 
40 and inner liner 42 are spaced inward from a combus- 
tor casing 46 and define a combustion chamber 48. Out- 
er liner 40 and combustor casing 46 define an outer pas- 
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sageway 52, and inner liner 42 and a forward inner noz- 
zle support 53 define an inner passageway 54. 
[0012] Combustion chamber 48 is generally annular 
in shape and is disposed between liners 40 and 42. Out- 
er and inner liners 40 and 42 extend from the domed 
end, to a turbine nozzle 56 disposed downstream from 
the combustor domed end. In the exemplary embodi- 
ment, outer and inner liners 40 and 42 each include a 
plurality of panels 58 which include a series of steps 60, 
each of which forms a distinct portion of combustor lin- 
ers 40 and 42. 

[0013] A plurality of fuel igniters 62 extend through 
combustor casing 46 and outer passageway 52, and 
couple to combustor outer liner 40. In one embodiment, 
two fuel igniters 62 extend through combustor casing 
46. Igniters 62 are bluff bodies that are placed circum- 
ferentially around combustor 16 and are downstream 
from the combustor domed end. Each igniter 62 is po- 
sitioned to ignite a fuel/air mixture within combustion 
chamber 48, and each includes an igniter tube 64 cou- 
pled to combustor outer liner 40. More specifically, each 
igniter tube 64 is coupled within an opening 66 extend- 
ing through combustor outer liner 40, such that each ig- 
niter tube 64 is concentrically aligned with respect to 
each opening 66. Igniter tubes 64 maintain alignment of 
each igniter relative to combustor 16. In one embodi- 
ment, combustor outer liner opening 66 has a substan- 
tially circular cross-sectional profile. 
[0014] During engine operation, airflow (not shown) 
exits high pressure compressor 14 (shown in Figure 1) 
at a relatively high velocity and is directed into combus- 
tor 16 where the airflow is mixed with fuel and the fuel/ 
air mixture is ignited for combustion with igniters 62. As 
the airflow enters combustor 1 6, a portion (not shown in 
Figure 2) of the airflow is channeled through combustor 
outer passageway 52. Because each igniter 62 is a bluff 
body, as the airflow contacts igniters 62, a wake devel- 
ops in the airflow downstream each igniter 62. 
[0015] Figure 3 is an enlarged cross-sectional view of 
igniter tube 64 coupled to combustor outer liner 40. Fig- 
ure 4 is a plan view of igniter tube 64 coupled to com- 
bustor outer liner 40. Igniter tube 64 has an upstream 
side 70, and a downstream side 72. Igniter tube 64 also 
has a radially inner flange portion 74, a radially outer 
portion 76, and a supporting ring 78 extending therebe- 
tween. 

[001 6] Radially inner flange portion 74 is annular and 
includes a projection 80 that extends radially outwardly 
from flange portion 74 towards supporting ring 78. More 
specifically, flange portion 74 extends between an ignit- 
er tube inner surface 81 and supporting ring 78, and has 
an outer diameter 82. Flange portion 74 also includes 
an opening 84 extending therethrough with a diameter 
86. In one embodiment, opening 84 is substantially cir- 
cular. Flange portion opening 84 is sized to receive ig- 
niters 62. Flange portion outer diameter 82 is approxi- 
mately equal to an inner diameter 88 of combustor outer 
liner opening 66, and accordingly, igniter tube flange 



portion 74 is received in close tolerance within combus- 
tor outer liner opening 66. In the exemplary embodi- 
ment, igniter tube radially inner flange portion 74 has a 
substantially circular outer perimeter. 
5 [0017] Igniter tube supporting ring 78 includes a re- 
cess 90 sizedto receive a portion of radially inner flange 
portion projection 80 therein. More specifically, support- 
ing ring 78 is attached to a radially outer surface 92 of 
flange portion projection 80, such that supporting ring 
10 78 extends radially outwardly and substantially perpen- 
dicularly from flange portion 74. Igniter tube supporting 
ring 78 also includes a projection 94 that extends sub- 
stantially perpendicularly from supporting ring 78 to- 
wards igniter tube radially outer portion 76. 
15 [0018] Ignitertube radially outerportion 76 is attached 
to supporting ring 78 and includes a receiving ring 100 
and an attaching ring 102. Attaching ring 102 is annular 
and extends from supporting ring 78 such that attaching 
ring 102 is substantially parallel to supporting ring 78. 
20 Receiving ring 100 extends radially outwardly from at- 
taching ring 102. More specifically, receiving ring 100 
extends divergently from attaching ring 102, such that 
an opening 106 extending through ignitertube radially 
outerportion 76 has a diameter 110 at an entrance 112 
25 of radially outer portion 76 that is larger than a diameter 
114 at an exit 116 of radially outer portion 76. Accord- 
ingly, radially outer portion entrance 112 guides igniters 
62 into ignitertube 64. and radially outerportion exit 114 
maintains igniters 62 in alignment relative to combustor 
30 16 (shown in Figures 1 and 2). 

[0019] Igniter tube 64 also includes an air impinge- 
ment device 120 that extends radially outwardly from ig- 
niter tube 64. Air impingement device 120 includes a 
scoop or deflector portion 122 and a ring flange portion 
35 124. Ring flange portion 124 has an opening 126 ex- 
tending therethrough and concentrically aligned with re- 
spect to flange portion opening 84. More specifically, 
ring flange portion 124 has an inner diameter 128 that 
is larger than maximum outer diameter 130 of igniter 
*o tube radially outer portion receiving ring 100. Ring 
flange portion 124 also has an outer diameter 132. 
[0020] Air impingement device ring flange portion 1 24 
is attached to igniter tube supporting ring 78 and igniter 
tube radially outer portion 76. Ring flange portion 124 
4 5 hasawidth 134 measured between inner and outer edg- 
es 142 and 144, respectively, of ring flange portion 124. 
[0021] Air impingement scoop portion 122 extends 
from ring flange portion outer edge 144. Specifically, 
scoop portion 122 extends radially outward from ring 
50 flange portion outer edge 144 about approximately half 
of a total perimeter of ring flange portion 1 24. Scoop por- 
tion 122 extends a distance 150 radially outward from 
ring flange outer edge 144 about igniter tube down- 
stream side 72. 
55 [0022] Scoop portion 1 22 is curved towards a center- 
line axis of symmetry 156 of igniter tube 64. More spe- 
cifically, scoop portion 122 is aerodynamically con- 
toured to channel airflow striking scoop portion 122 ra- 
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dially inward towards combustor outer liner 40. Scoop 
portion 122 also includes an opening 160 that extends 
from a radially outer surface 162 of scoop portion 122 
to a radially inner surface 1 64 of scoop portion 122. Ac- 
cordingly, airflow striking scoop portion 122 is directed 5 
radially inward through scoop portion opening 160. 
Opening 160 is known as a directed air hole. In one em- 
bodiment, opening 160 extends within scoop portion 
122. 

[0023] An air director 1 70 is attached to scoop portion 10 
radially inner surface 1 64 and extends towards combus- 
tor outer liner 40. More specifically, air director 170 is 
attached to a downstream side 72 of scoop portion 1 22 
and is contoured such that a radially inner side 174 of 
air director 1 70 extends radially inwardly towards igniter is 
tube centeriine axis of symmetry 156, but does not con- 
tact igniter tube 64 or combustor outer liner 40. Accord- 
ingly, air director 170 is in flow communication with 
scoop portion opening 160. 

[0024] Combustor outer liner 40 includes a plurality of 20 
cooling openings 180 that extend through combustor 
outer liner 40. More specifically, cooling openings 180 
are radially outward from combustor outer liner igniter 
opening 66 and extend around a downstream side 72 
of combustor outer liner opening 66. In the exemplary 25 
embodiment, cooling openings 180 are arranged in a 
plurality of arcuate rows 1 84. Cooling openings 180 are 
in flow communication with combustion chamber 48. 
Scoop portion 1 22 is radially outward from cooling open- 
ings 1 80, such that scoop portion opening 1 60 is in flow 30 
communication with cooling openings 180. 
[0025] During engine operation, airflow exits high 
pressure compressor 14 (shown in Figure 1) at a rela- 
tively high velocity and is directed into combustor 16 
where the airflow is mixed with fuel and the mixture is 35 
ignited for combustion with igniters 62 (shown in Figure 
2). As the airflow enters combustor 16, a portion 190 of 
the airflow is channeled through combustor outer pas- 
sageway 52 (shown in Figure 2). A portion 192 of com- 
bustor outer passageway airflow 1 90 directed radially 40 
inward after contacting air impingement device 120. 
More specifically, as airflow portion 190 strikes air im- 
pingement device scoop 122, airflow portion 192 is 
channeled radially inward along scoop portion 122 and 
through scoop directed air hole 1 60. 45 
[0026] As airflow is discharged from scoop portion 
1 22, the airflow contacts air director 1 70, and is redirect- 
ed. Air director 1 70 channels airflow portion 1 90 towards 
igniter tube centeriine axis of symmetry 156 and into 
combustor outer liner cooling openings 180. Further- so 
more, scoop portion 122 directs the airflow circumferen- 
tially around igniter tube radially inner flange portion 74 
for impingement cooling of igniter tube 64 and combus- 
tor outer liner 40. As a result, local convective heat trans- 
fer is facilitated to be enhanced, thereby decreasing cir- ss 
cumferential temperature gradients around igniter tubes 
64, and between igniter tubes 64 and combustor outer 
liner 40. Decreased wake temperatures and circumfer- 



ential temperature gradients facilitate lower thermal 
stresses are induced into igniter tubes 64 and therefore 
improved low cycle fatigue (LCF) life of igniter tubes 64. 
[0027] The above-described igniter tube is cost-effec- 
tive and highly reliable. The igniter tubes include an air 
impingement device that channels airflow radially in- 
wardly and circumferentially for impingement cooling of 
the igniter tubes and the combustor outer liner. More 
specifically, the air impingement device facilitates re- 
ducing wake temperatures and circumferential temper- 
ature gradients between igniter tubes and the combus- 
tor outer liner. As a result, lower thermal stresses and 
improved life of the igniter tubes are facilitated in a cost- 
effective and reliable manner. 

[0028] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A method for operating a gas turbine engine (1 0) 
including a combustor (1 6), and a compressor (14), 
the combustor including a plurality of igniter tubes 
(64), and an outer liner (40) and an inner liner (42) 
that define a combustion chamber (48), the outer 
liner including a plurality of first openings (66) sized 
to receive the igniter tubes therein, said method 
comprising the steps of: 

operating the engine such that airflow is direct- 
ed from the compressor to the combustor; 
channeling a portion of the airflow (1 90) for im- 
pingement cooling of the combustor outer liner 
using deflectors (122) extending radially out- 
ward from each of the igniter tubes. 

2. A method in accordance with Clause 1 wherein 
each igniter tube deflector (122) includes a director 
(170), an opening (160), and a scoop extending 
therebetween, said step of channeling a portion of 
the airflow (190) further comprises the step of di- 
recting airflow (192) radially inward through the de- 
flector opening with the deflector scoop. 

3. A method in accordance with Clause 1 wherein 
the combustor outer liner (40) further includes a plu- 
rality of second openings (180), said step of chan- 
neling a portion of the airflow ( 1 90) further compris- 
es the step of using the igniter tube deflectors (1 22) 
to direct airflow into the plurality of second open- 
ings. 

4. A method in accordance with Clause 3 wherein 
each igniter tube deflector (1 22) includes a director 
(170), an opening (160), and a scoop extending 
therebetween, said step of using the igniter tube de- 
flectors further comprises the step of directing air- 
flow (190) through the deflector openings into the 
plurality of combustor outer liner second openings 
(180). 
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5. A method in accordance with Clause 1 wherein 
each igniter tube deflector (122) extends down- 
stream (72) from a respective combustor outer liner 
first opening (66), said step of channeling a portion 

of the airflow ( 1 90) further comprises the step of di- s 
recting airflow (192) that is downstream from com- 
bustor outer liner first openings towards the com- 
bustor outer liner (40). 

6. A combustor (16) for a gas turbine engine (10), 10 
said combustor comprising: 

at least one igniter tube (64) comprising a de- 
flector (122) extending radially outward from 
said igniter tube; 15 
an annular inner combustor liner (42); 
an annular outer combustor liner (40), said out- 
er and inner combustor liners defining a com- 
bustion chamber (48), said outer combustor lin- 
er comprising a plurality of first openings (66), 20 
a plurality of second openings (1 80), and a plu- 
rality of deflectors, each said first opening sized 
to receive each said igniter tube therein, each 
said second opening downstream (72) from 
each said first opening, each said igniter tube 25 
deflector contoured to deflect airflow (192) 
through said plurality of second openings. 

7. A combustor (16) in accordance with Clause 6 
wherein said plurality of second openings (1 80) ra- 30 
dially outward from each said plurality of outer com- 
bustor liner (40) first openings (66). 

8. A combustor (16) in accordance with Clause 6 
wherein each said igniter tube deflector (122) ex- 35 
tending downstream (72) from each said outer com- 
bustor liner first opening (66). 

9. A combustor (16) in accordance with Clause 8 
wherein said plurality of second openings (1 80) be- 40 
tween each said igniter tube deflector (122) and 
each said outer combustor liner first opening (66). 

10. A combustor (16) in accordance with Clause 6 
wherein each said igniter tube deflector (1 22) com- 45 
prises a director (170), an opening (160), and a 
scoop extending therebetween. 

11 . A combustor (16) in accordance with Clause 6 
wherein each igniter tube deflector (122) in flow so 
communication with said plurality of second open- 
ings (180). 

12. A combustor (16) in accordance with Clause 6 
wherein said plurality of deflectors (122) configured 55 
to direct air (190) for impingement cooling of said 
outer combustor liner (40). 



13. A gas turbine engine (1 0) comprising a combus- 
tor (16) comprising a plurality of igniter tubes (64), 
an annular outer liner (40), and an annular inner lin- 
er (42), said outer and inner liners defining a com- 
bustion chamber (48), said outer liner comprising a 
plurality of openings (66) sized to receive each said 
igniter tube therein, each said igniter tube compris- 
ing a deflector (122) extending radially outward 
from said igniter tube and configured to deflect air- 
flow (190) for impingement cooling of said outer lin- 
er. 

14. A gas turbine engine (10) in accordance with 
Clause 13 wherein each said igniter tube deflector 
(122) contoured and comprising a director (170), an 
opening (160), and a scoop extending therebe- 
tween. 

15. A gas turbine engine (10) in accordance with 
Clause 14 wherein said combustor outer liner (40) 
further comprises a plurality of second openings 
(180), each said second opening downstream (72) 
from each said first opening (66). 

16. A gas turbine engine (10) in accordance with 
Clause 15 wherein each said igniter tube deflector 
(122) configured to direct airflow (190) through said 
combustor outer liner plurality of second openings 
(180). 

17. A gas turbine engine (10) in accordance with 
Clause 15 wherein each said igniter tube deflector 
(122) extends downstream from each said combus- 
tor outer liner first opening (66) beyond said com- 
bustor outer liner plurality of second openings 
(180). 

18. A gas turbine engine (10) in accordance with 
Clause 15 wherein each said deflector (122) in flow 
communication with said combustor outer liner plu- 
rality of second openings (180). 

19. A gas turbine engine (10) in accordance with 
Clause 15 wherein each said deflector (122) arcu- 
ate and radially outward from each said combustor 
outer liner first opening (66). 



Claims 

1. A method for operating a gas turbine engine (10) 
including a combustor (16), and a compressor (14), 
the combustor including a plurality of igniter tubes 
(64), and an outer liner (40) and an inner liner (42) 
that define a combustion chamber (48), the outer 
liner including a plurality of first openings (66) sized 
to receive the igniter tubes therein, said method 
comprising the steps of: 
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ing a deflector (122) extending radially outward 
from said igniter tube and configured to deflect air- 
flow (1 90) for impingement cooling of said outer lin- 
er. 

A gas turbine engine (1 0) in accordance with Claim 

8 wherein each said ignitertube deflector (1 22) con- 
toured and comprising a director (1 70) : an opening 
(160), and a scoop extending therebetween. 

A gas turbine engine (10) in accordance with Claim 

9 wherein said combustor outer liner (40) further 
comprises a plurality of second openings (180), 
each said second opening downstream (72) from 
each said first opening (66). 



3. A combustor (16) in accordance with Claim 2 
wherein said plurality of second openings (180) ra- 
dially outward from each said plurality of outer com- 
bustor liner (40) first openings (66). 30 

4. A combustor (16) in accordance with Claim 2 
wherein each said igniter tube deflector (122) ex- 
tending downstream (72) from each said outer com- 
bustor liner first opening (66). 35 

5. A combustor (16) in accordance with Claim 2 
wherein each said igniter tube deflector (1 22) com- 
prises a director (170), an opening (160), and a 
scoop extending therebetween. 40 

6. A combustor (16) in accordance with Claim 2 
wherein each igniter tube deflector (122) in flow 
communication with said plurality of second open- 
ings (180). 45 

A combustor (16) in accordance with Claim 2 
wherein said plurality of deflectors (122) configured 
to direct air (190) for impingement cooling of said 
outer combustor liner (40). 50 

A gas turbine engine (10) comprising a combustor 
(16) comprising a plurality of igniter tubes (64). an 
annular outer liner (40), and an annular inner liner 
(42), said outer and inner liners defining a combus- 55 
tion chamber (48), said outer liner comprising a plu- 
rality of openings (66) sized to receive each said 
igniter tube therein, each said igniter tube compris- 



operating the engine such that airflow is direct- 
ed from the compressor to the combustor; 
channeling a portion of the airflow (1 90) for im- 
pingement cooling of the combustor outer liner 
using deflectors (122) extending radially out- 5 
ward from each of the igniter tubes. 9. 

2. A combustor (1 6) for a gas turbine engine (10), said 
combustor comprising: 

10 

at least one igniter tube (64) comprising a de- 10. 
flector (122) extending radially outward from 
said ignitertube; 

an annular inner combustor liner (42); 
an annular outer combustor liner (40), said out- 15 
er and inner combustor liners defining a com- 
bustion chamber (48) : said outer combustor lin- 
er comprising a plurality of first openings (66). 
a plurality of second openings (180), and a plu- 
rality of deflectors, each said first opening sized 20 
to receive each said igniter tube therein, each 
said second opening downstream (72) from 
each said first opening, each said igniter tube 
deflector contoured to deflect airflow (192) 
through said plurality of second openings. 25 
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Methods and systems for cooling gas turbine engine igniter tubes 



(54) 

(57) A combustor for a gas turbine engine includes 
a plurality of igniter tubes (64) that facilitate reducing 
temperature gradients within the combustor in a cost ef- 
fective and reliable manner. The combustor includes an 
annular outer liner (40) that includes a plurality of open- 
ings (66) sized to receive igniter tubes. Each igniter tube 



maintains an alignment of each igniter received therein, 
and includes an air impingement device (120) that ex- 
tends radially outward from the igniter tube. During op- 
eration, airflow (1 90) contacting the air impingement de- 
vice is channeled radially inward (192) by a scoop por- 
tion (122) for impingement cooling of the igniter tubes 
and the combustor outer liner. 
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